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Suggested IsosbesticWavelength Calibration in Clinical Analyses
Gunter Hoxter I recommend the use of isosbestic points for conveniently checking the wavelength scale of spectrophotometers in the ultraviolet and visible regions. Colorimetric pH indicators, hemoglobin derivatives, and other radiation-absorbing substances that are convertible into stable isomers of different absorption spectra provide a means for calibrating many different wavelengths by comparing the absorptivities of these isomers in equimolar solutions. The method requires no special precautions and results are independent of substance concentration and temperature between 4 and 45 #{176}C. Isosbestic calibration may be important for (e.g.) coenzyme-dependent dehydrogenase activity determinations and in quality assurance programs.
AddItionalKeyphrases: methods for the small laboratory analytical error ' spectrophotometry quality control
Photometric measurements are of prime importance in clinical chemistry and require reliable instrument performance. Unsuspected deviations in quality control programs may sometimes be traced to mechanical displacement of the wavelength scale in spectrophotometers or to incorrect factory adjustment.
Holmium perchlorate standards for wavelength control are not easily available, but the correct reading of many points may be checked by isosbestic calibration. An isosbestic point is defined as a certain wavelength at which the absorptivities of two interconvertible substances are identical (1) .
An example may demonstrate the basic principle and the simplicity of the method in which easily available substances are used without special requirements for purity, concentration, humidity, or temperature control. Figure 1 any unbuffered solution of this indicator into two cuvettes, and adds to one a drop of acid and to the other a drop of alkali, the absorbance readings for both should be identical at the isosbestic points. The only critical condition would be the concentration of absorbing molecules, which must be the same in both cuvettes. The absolute concentration need not be known-any solution containing 2 to 100 mg of bromthymol blue per liter will do-as any change in concentration will only move the isosbestic point reading up or down on the absorptivity ordinate without affecting the wavelength abscissa.
In actual practice it will be sufficient to choose any radiation-absorbing species capable of conversion into a stable derivative of different absorption spectrum and to determine the points of intersection of the spectral curves. This principle may be extended to cover the whole scale of electromagnetic radiations. In the present report, a few isosbestic points were determined by manual measurement, encompassing the range of interest in clinical photometry in the ultraviolet and visible regions of the spectrum from 260 to 600 nm.
Materials and Methods
I prepared aqueous solutions of the substances indicated in Table 1 Because no isosbestic points could be found with simpler substances between 400 and 440 nm or above 550 nm, hemoglobin derivatives were used to cover these regions. Human hemoglobin was prepared by lysis of saline-washed erythrocytes from a healthy human hemoglobin A donor, followed by centrifugation of the chloroform-denatured stroma. The clear supernatant oxyhemoglobin solution was then adjusted to a concentration of 10 zmol/L by dilution with distilled water. 
Results
The isosbestic points for each substance used remained constant at all the temperatures tested: 4, 20, 30, 37, and 45 #{176}C. These values are recorded in Table 3 , together with the Abbreviationsas in Table 2. corresponding sensitivity indexes (in parentheses). For each case, the sensitivity index was found to be independent of the concentration of the absorbing species and of temperature within the range studied (4 to 45 #{176}C), but varied with the pH difference between tubes A and B. Table 4 gives the intersection points of the absorbance curves for the hemoglobin derivative pairs. Thus: Hb/Hb02 506(12.0) signifies that at a wavelength of 506 nm a tube containing a solution of reduced hemoglobin (Hb) has the same absorbance as a tube containing an equimolar solution of oxyhemoglobin (Hb02) and that the sensitivity index for this isosbestic'point is equal to 12.0.
Discussion
A simple method for wavelength calibration, which could be applied at room temperature anywhere, would be very useful in clinical laboratories. For this reason the temperatures used in making these observations were kept within 4 to 45
#{176}C.
An isosbestic checking of photometer scales was suggested in 1958 by Parthasarathy and Sanghi (2) , who found an isosbestic point for methyl orange at 469 nm and one for bromcresol green at 509 nm. My values for these are 465 nm and 508 nm, respectively. Fog, in 1961 (3), described an isosbestic point at 496.2 for bromphenol blue; this value was temperature dependent, moving to lower wavelengths at higher temperatures and vice versa. I was unable to confirm this result; I found the isosbestic point did not change with temperatures between 4 and 45 #{176}C. The absorption of heat by molecules is reflected by changes of the vibrational and rotational energy modes without affecting the electronic transitions, which are responsible for the absorption spectra. Thus one should not expect any shift of an isosbestic point with temperature changes. The thermally induced variation in density affects both solutions that are being compared in the same way, within the experimental limits of my measurements.
Only the isosbestic points are given in this paper, but I can supply the complete absorbance curves to any interested reader.
In actual laboratory practice it will be sufficient to work with only three chemicals-potassium dichromate, phenol red, and bromthymol blue-and with three hemoglobin derivatives-hemoglobin, oxyhemoglobin and hemiglobinwhich provide a sufficient selection of useful isosbestic points. Some examples are given in Table 5 in connection with the wavelengths used in common methods of clinical analyses.
The isosbestic adjustment may not be necessary for most methods that include standards, but in certain types of analyses the wavelength calibration is of paramount impor- 
